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I I have visited Japan several times and my most-recent trip, which occurred under the auspices of the British Council, left me once again delighted and suffering from information overload. This is the second of a series of features on Japan’s R&D. 
F or over 200 years Japan had lived in a state of near total self-imposed global isolation. 
Since 1860 the goal of Japan was to 
catch up and surpass the advanced 
Western industrialized countries. 
Through diligent efforts and with 
the wisdom of the Japanese people 
this has been achieved, including 
modernization in the economic 
and social fields. However, with the 
economy in recession and with 
even elite Japanese firms retreating 
from the notion of lifetime employ- 
ment, there is a feeling that the 
good days are over. It seems that 
everyone is dispensable. It is now 
important that Japan should find 
new breakthroughs and create 
new markets.Thus the competition 
and anxiety are greater than ever 
before. This means that Japan has 
to call forth its creativity to devel- 
op new and original products. 
R&D programmes for developing 
advanced technologies in the infor- 
mation and communications fields 
are seen to play a crucial role in en- 
hancing economic activities, with 
the ability to stimulate industries, 
culture and normal daily life. All 
Japanese seem to agree that, as 
long as R&D keeps advancing, new 
products will replace old ones, s 
aving jobs in the process. 
In the following, I will describe 
some of the research activities at 
the Nippon Telegmph and Telephone 
(N’IT) Corp Basic Research Labor- 
atories in Atsugi. NTT is the world’s 
largest-scaled telecommunication 
service enterprise with annual 
sales topping Y5000 billion and a 
total woridorce greater than 180 000. 
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This giant is now to be divided and 
separated into four companies: two 
regional telecommunication com- 
panies and one long-distance 
telecommunication company, un- 
der one single-stock ownership 
holding company. This agreement 
was reached on 6 December 1996, 
by the Japanese Government and 
N?T. The reorganization is expect- 
ed to be completed by March 
2000. It is worth noting that N‘IT 
was privatized in 1985 [ 11. 
At the N’IT Basic Research 
Laboratories over 200 researchers 
are working to explore new princi- 
ples and concepts, and to discover 
novel phenomena and materials. 
The research activity covers five ar- 
eas, namely: computer science, hu- 
man information science, quantum 
optics and optical materials, semi- 
conductor physics, and materials 
science.There are well over 110 re- 
search subjects covering the above 
five areas. 
FME and TF lasers 
Optoelectronic integrated circuits 
(OEICs) need small lasers with low 
power consumption. Chemical 
etching and dry etching of the 
grown structures have been used 
to fabricate lasers by several 
groups worldwide. Dr S. Ando and 
his co-workers [2] use the modi- 
fied selective area MOVPE growth, 
flow-rate modulation epitaxy 
(FME), to fabricate these lasers. 
FME, which is based on an alternat- 
ing supply of Group III and Group 
V source, is an excellent method in 
the growth of sophisticated struc- 
tures consisting of concave and 
convex shapes. Previously, they 
have demonstrated the hexagonal 
facet (HF) lasers using (110) side- 
wall facets as reflectors on a 
(lll)B GaAs substrate 131. They 
found in HF structures that when 
growth thickness exceeded 1 m 
the upper hexagonal surface 
changed into a nonagonal shape by 
another inclined (110) facet ap- 
pearing at every other corner. In 
order to confiie the lasing light in 
OEICs, a thick prism structure and 
a thick rectangular waveguide are 
required to avoid microdisk and air 
gap waveguide structures. A trian- 
gular prism-shaped GaAs/AlGaAs 
laser with rectangular optical 
waveguides at three corners has 
been investigated. They call this a 
triangular-facet (TF) laser. Figure 1 
shows scanning electron micro- 
scope (SEM) photographs of the TF 
lasers with rectangular optical 
waveguides grown by FME, which 
consist of a (11 l)B GaAs plane and 
(110) sidewall facets. The lengths 
of the sides vary from 12 w to 
4 m,The width of the waveguides 
is 12 pm.The flatness of the crystal 
facets, which is superior to that 
fabricated by other techniques, is 
shown in Figure 2. 
Figure 3 shows the radiation 
patterns of theTF lasers before and 
after lasing. These laser structures 
lased at low threshold energies 
(Eth < 10 pJ) as a result of the well- 
defined facet shape.The points of 
the rectangular waveguides appear 
to radiate brightly at lasing.This in- 
dicates that the lasing light from 
the TF laser is efficiently taken out 
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Figure 1. SEM micrographs of TF lasers with 
(a) 12 pm, (b) 8 pm, (c) 6 pm and (d) 4 pm. 
by the waveguides. The light out- 
put spectra for two different 
pumping conditions are shown in 
Figure 4. They found that the 
growth of the prism proceeds 
while maintaining the equilateral 
triangle shape, even if the layer 
Figure 2. SEM picture showing the flatness 
of the crystal facets. 
optical waveguides. The lengths of the sides are 
thickness is increased up to about 
1.5 Ilnl. 
High-quality 2DEGS 
The high electron density and high 
mobility of two-dimensionaI electron 
Before Lasing 
gas (ZDEG) in modulation-doped 
GaAs/AlGa.As heterostructures are 
important for the improvement of 
the performance of modem semi- 
conductor devices. Recently, 
Herfort and Himyama 141 demon- 
strated that a highquality 2DEG 
can be formed at the interface in 
an undoped GaAs/AlGaAs het- 
erostructure using a conventional 
combination of ion-implanted 
ohmic regions and a metal gate. 
The unique feature of this struc- 
ture is that there is no intentional 
doping and the mobility at low 
temperatures is mainly determined 
by scattering caused by the back- 
ground impurity. 2DEG with elec- 
tron densities higher than 
1012 cmP2 and mobilities of about 
lo6 cm2/Vs were achieved. When 
the barrier region consisted of an 
A+,3Ga0~7As/A6,5 Ga,,+s superlat- 
tice, the gate leakage current was 
drastically suppressed. This al- 
lowed them to investigate the low- 
temperature transport properties 
of the 2DEG formed in this MIS- 
FETlike device in the very high 
electron density range exceeding 
1012 crne2 for the lirst time.A further 
advantage of these devices is that 
they were able to achieve high mo- 
bility, in contrast to conventional 
modulation doped GaAs/AlGaAs 
heterostructures where the impurity 
scattering caused by modulation 
doping becomes important in the 
high carrier density range. The 
After Lasing I 
Figure 3. Radiation patterns of the TF lasers before and after lasing. 
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Figure 4. Light output spectra at room temperature tbr two different pumping conditions. 
Shubnikovde Haas oscillation indi- 
cates occupation of two subbands, 
and the high mobility enables the 
authors to observe an oscillation 
corresponding to the second sub 
band down to a low magnetic field 
region. 
QWRs, SETS and 
Schottky gates 
Quantum wires (QWRs) have re- 
cently attracted considerable inter- 
est because of their physics and 
potential device applications. 
Various techniques have been used 
to fabricate QWRS, including fine 
etching and regrowth, and growth 
on tilted substrates. Trench-buried 
QWRs with rectangular cross-sec- 
tional shapes were grown on V- 
grooved (100) GaAs substrates at 
low pressure MOCVD, by Dr T. 
Sogawa and his co-workers [5]. A 
transmission electron microscopy 
(TEM) cross-section of the QWR is 
shown in Figure 5. The dark and 
bright areas of the image corre- 
spond to the GaAs and AlAs, re- 
spectively The lower AlAs layer 
forms the base of the trench-struc- 
ture having vertical (116) side- 
walls. Next, GaAs/AlAs superlattice 
layers are grown to reduce the lat- 
eral width between the sidewalls. 
Then, the GaAs wire is buried at 
the bottom of the trench. Figure 6 
shows the formation of the 10 nm 
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x 10 nm GaAs QWR. The advan- 
tages of such trench-buried QWRs 
are that the lateral width and verti- 
cal thickness of the GaAs wires can 
be independently varied by the 
growth process, and the abrupt- 
ness of lateral interfaces can be re- 
duced to a few monolayers. 
Single electron tmnsistors (SETS) 
are currently the subject of much 
interest.These structures allow the 
study of electron charging and 
electron tunnelling. Several tech- 
niques have been used to fabricate 
SETS in the planar and vertical 
geometry Dr D.G. Austing et al. [6] 
demonstrated a new technology 
for fabricating vertical SETS which 
uses more than one gate, as com- 
pared with the earlier single-gated 
vertical SETS reported by various 
groups. Vertical SETS can be used 
to vary one by one the number of 
electrons in the system, n, starting 
Figure 5. TEM bright-field image for the cross-section of a trench-buried t_. 7. The dark 
and bright areas correspond to the GaAs and A/As lattice images, respective% showing an 
approx. 10 nm x 10 nm nearly-square GaAs QWR surrounded by barrier layers wirh an 
interface roughness of several monolayers. 
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Figure 6. Schematic illustrations of the 
process employed in the fabrication of 
GaAs/AIAs rectangular QWRs. The first 
step is substrate patterning. The (001) 
GaAs substrate is patterned with V-shaped 
grooves oriented along the <-lOa> direction. 
The second is MOCVD growth of an A/As 
layer, which produces relatively wide trench 
structures. The third step is the reduction of 
the trench width by growing GaAs/AIAs 
superlattices (SLs), which enhance the 
lateral growth rate while keeping the (110) 
sidewall facets. The fourth step is the 
growth of GaAs wires inside the trenches, 
a thin AlAs upper barrier layer, and a thick 
A10,,Ga0,e4s cover layer. 
from n = 0, so they are well suited 
for investigating the properties of 
artificial semiconductor atoms and 
molecules containing just a few 
electrons. The proposed new de- 
vice concept is shown in Figure 7. 
A Schottky gate surrounding a 
vertical submicron mesa enclosing 
a double barrier heterostructure 
(DBH) can be used to strongly alter 
the current flowing through the 
conducting channel.The DBH con- 
sists of an undoped InGaAs quan- 
tum well and undoped AlGaAs 
barrlers.The source and drain con- 
tacts are made to the n-GaAs lay- 
ers. The drain current, I,, flowing 
through the conducting channel is 
measured as a function of the drain 
voltage, V,, applied between the 
two contacts, and gate voltage,V,. 
The gate voltage (‘pinch-off’) re- 
quired to close the conducting 
channel depends on the size, that 
is, the diameter of the mesa& the 
diameter of the mesa is reduced, 
the pinch-off voltage decreases and 
consequently the conducting chan- 
nel decreases to some critical size 
at which charging and lateral quan- 
tization effects become important. 
The configuration of the new 
device includes four Schottky 
gates by splitting the surrounding 
Schottky gate metal (Figure 8). 
This new hybrid technology for 
fabricating submicron vertical 
DBH with separate gates will allow 
a new way to investigate the s 
ingle electron charging of 
quantum dots (QDs) and single 
electron tunnelllng through QD 
structures. 
Surface structures 
A number of surface reconstruc- 
tions are observed on compound 
‘isolated’ mesas w 
with single gate , 
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Figure 7. Dependence of gate voftage 
(‘pinch-off’) on the size of the mesa. Inset: 
schematic of a mesa device surrounded by 
a Schottky metal gate. 
semiconductors. It is claimed that 
the InAs (100) surface is one of the 
most interesting surfaces to study 
the transition between different 
surface structures. Step motion and 
As desorption on InAs (100) sur- 
faces were investigated by Dr H. 
Yamaguchi and his colleagues [7] 
using an HI-IV STM microscope 
while heating the sample. MBE was 
used to grow InAs layers on un- 
doped InAs (100) substrates.A (2 x 
4) structure appeared when the 
sample was heated to 290”CWhen 
the temperature was increased to 
330°C the motion of monomolec- 
ular steps and kinks was observed. 
The time interval between the two 
"splitter" 
Figure 8. (a) SEM image showing the layout of the new device with four separate gates, labelled G(T= top contact metal pad): (6) schematic of 
the device. 
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Figure 9. STM images of an InAs sun&e 
observed at 330°C at 35 s intervals. The 
image area is 50 nm wide and 40 nm high. 
images was 35 seconds. It is clearly 
visible that a kink, shown by an ar- 
row in Figure 9, moves along the 
one-molecule-high step. This is the 
first direct observation of step mo- 
tion on III-V compound semicon- 
ductor surfaces by STM. 
If I came away from Japan with 
questions, I also left with greater 
admiration and affection for these 
people, who are immensely talent- 
ed. The NTT Basic Research 
Laboratories are respected around 
the world, bursting with intellectu- 
al vigour and drawing researchers 
from other countries. I very much 
hope that these research laborato- 
ries will not be affected by the 
changes at N’IT. 
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Back to back Hg Schottky 
diodes on a wafer can be used inruladng or Semi-Insulating II 
to plot and profile Si, SIC, 
III-V, II-VI and other layers 
on &&&& substrates, 
For MIS wafers, the series 
capacitors that the two Hg 
Semiconductor Layer 
contacts make with the oxide J I 
or nitride on a semiconductor 
can be used to measure many 
and &&hold voltage witbout 
the extra effort and expense 
of metatlizing the backside, so 
often required for measurements 
_] with a -single evaporated dot. 
--- 
Pmfiies of interface state density vs voltage can also be made witl 
frontside Hg contacts. There is no need to metallize whel 
nondestructive Hg can get yau graphics and data in shart or&~ 
Although Hg can do many things, some quasistatic measurermmts & 
require backsides. 
see us at SEMKXW EUROPA ‘97 - Booth 325 
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